BACKGROUND: Nodular oncocytic hyperplasia (oncocytosis) of the salivary glands is a benign process that does not inherently require surgical excision. However, cytologic findings in fine-needle aspiration (FNA) of oncocytosis cases have not been well characterized previously, limiting preoperative identification. METHODS: All available cases of oncocytosis with corresponding FNA specimens were identified from the pathology archives of 3 academic institutions. Clinical, cytologic, and histologic findings were tabulated for all cases. RESULTS: Twelve cases of oncocytosis were identified from 11 patients, including 11 parotid FNA specimens and 1 submandibular FNA specimen. On the original diagnoses, 6 specimens were classified as benign, 4 as atypical, and 2 as nondiagnostic. Oncocytosis was listed in the differential diagnosis in 
INTRODUCTION
Nodular oncocytic hyperplasia, commonly known as oncocytosis, is an uncommon, benign salivary gland condition that most often affects the parotid gland and occurs primarily in elderly patients. [1] [2] [3] [4] Histologically, oncocytosis is characterized by multiple unencapsulated nodules of oncocytic cells with abundant eosinophilic granular cytoplasm, round nuclei, and prominent nucleoli that are separated by normal-appearing salivary tissue. 4, 5 Although it is unclear whether these oncocytic nodules represent senescent or metaplastic changes, oncocytosis is widely accepted to be a nonneoplastic process with virtually no risk of malignant transformation. [2] [3] [4] 6 As such, the ability to diagnose this condition on fine-needle aspiration (FNA) has the potential to prevent unnecessary surgical intervention. Unfortunately, there are many benign and malignant salivary conditions that enter the differential diagnosis of oncocytosis, including Warthin tumor, oncocytoma, papillary oncocytic cystadenoma/cystadenocarcinoma, salivary duct carcinoma, acinic cell carcinoma, mammary analog secretory carcinoma (MASC), and oncocytic mucoepidermoid carcinoma. Moreover, only a few reports previously have described the cytologic characteristics of oncocytosis cases that might help facilitate this distinction. [7] [8] [9] Herein, we evaluated FNA findings in what to our knowledge is the largest series of oncocytosis cases reported to date in the hopes of allowing the confident preoperative diagnosis of this condition.
MATERIALS AND METHODS
The surgical pathology archives at The Johns Hopkins Hospital, Massachusetts General Hospital, and Emory University Hospital were searched for all salivary gland resection specimens that carried a diagnosis of nodular oncocytic hyperplasia or oncocytosis. Using this strict histologic definition, a total of 12 cases were identified with corresponding FNA cytopathology specimens, including 6 cases from Massachusetts General Hospital, 4 cases from The Johns Hopkins Hospital, and 2 cases from Emory University Hospital. Hematoxylin and eosin-stained slides were reviewed for all surgical resection specimens, and the histologic diagnoses were confirmed in all cases based on the presence of multiple unencapsulated nodules of oncocytic cells throughout the salivary parenchyma separated by intervening normal ducts, acini, and fibroadipose tissue. The original diagnoses rendered for associated FNA specimens were tabulated. All available cytologic preparations were reviewed, and the cytomorphologic and histologic features were documented for each case. Clinical and demographic information also was recorded for each patient.
RESULTS

Clinical and Demographic Information
The clinical and demographic information is summarized in Table 1 . The 12 cases represented 11 unique patients, including 7 females and 5 males with a median age of 67 years (range, 57-82 years). Ten of these patients presented with parotid lesions, while 1 patient had synchronous parotid and submandibular gland abnormalities. In 9 cases, the patients reported palpable enlargement or masses of the salivary gland developing over intervals ranging from a few months to >10 years, with a history of a recent size increase in 6 cases and pain on palpation in 1 case. Two patients had parotid gland abnormalities discovered incidentally on imaging that was performed, respectively, for submandibular sialadenitis and diffuse large B-cell lymphoma. There were 2 patients who also had a history of previous head and neck malignancies, including a cheek melanoma and a buccal polymorphous low-grade adenocarcinoma. Another patient had a reported history of oncocytoma in the ipsilateral parapharyngeal space 10 years earlier.
Cytopathologic Diagnosis
In the original FNA diagnoses, 6 specimens were classified as benign, 4 as atypical, and 2 as nondiagnostic. Of the 10 cases with diagnostic material, 2 cases were signed out as oncocytic neoplasm consistent with oncocytoma and 1 was termed benign salivary gland tissue. All 7 of the remaining cases were signed out descriptively, as fully documented in Table 2 . A differential diagnosis was provided for 5 such cases that variably included oncocytoma, Warthin tumor, low-grade oncocytic carcinoma, oncocytic variant of mucoepidermoid carcinoma, and benign salivary tissue. The specific possibility of oncocytosis was only discussed in 1 case.
Cytomorphologic Characteristics
The cytomorphologic characteristics of the oncocytosis specimens are tabulated in Table 3 . There were 8 specimens with low cellularity, 2 specimens with moderate cellularity, and 2 acellular aspirates. These aspirates predominately consisted of small-sized to medium-sized fragments and sheets of cells with a mix of flat ( (Fig. 1D) , and 3 cases demonstrated a population of spindled cells (Fig. 1E ). The oncocytic cells had a bland appearance with round to focally oval nuclei and prominent nucleoli. Mild nuclear pleomorphism was noted in 3 cases (Fig. 1F) . Six cases demonstrated a clean background, whereas 4 aspirates included histiocytes and granular debris, consistent with a cystic component. Rare background lymphocytes were identified in only 1 case without lymphoid tangles or germinal center formation. Four cases demonstrated normal salivary tissue intermixed with the oncocytic cells. Rare fragments of myxoid matrix material were noted in 1 case, whereas background mucinous fluid was present in 1 case.
Histologic Characteristics
In subsequent surgical resection specimens, all cases demonstrated a proliferation of oncocytic cells with abundant granular eosinophilic cytoplasm and round to oval nuclei with prominent nucleoli (Fig. 2A) . Only focal, minimal nuclear membrane irregularity was observed with no overt nuclear pleomorphism. Prominent cystic degeneration and squamous metaplasia were noted in 2 cases. The oncocytic cells were distributed in multiple unencapsulated nodules separated by normal-appearing salivary acini, ducts, and fibroadipose tissue (Fig. 2B) . Although numerous such nodules were identified microscopically in all cases, 8 cases also had nodules that were recognized macroscopically. These dominant nodules ranged in size from 1.3 to 5.9 cm. Despite their size, these larger nodules also were unencapsulated and thus did not meet diagnostic criteria for oncocytoma. As such, the findings in all specimens were consistent with a diagnosis of nodular oncocytic hyperplasia.
DISCUSSION
Nodular oncocytic hyperplasia, more commonly known as oncocytosis, is a nonneoplastic salivary gland process that has virtually no potential for malignant transformation and therefore does not require surgical resection in the absence of functional or cosmetic considerations. As such, the confident identification of oncocytosis at the time of FNA could prevent unnecessary surgery. To the best of our knowledge, the current study represents the first systematic characterization of the cytologic findings in a large group of oncocytosis cases. Although there was some variability between specimens, we identified a characteristic pattern of paucicellular smears comprised of small groups of oncocytic cells in the majority of FNA specimens of oncocytosis. These findings are similar to those noted in previous case reports of oncocytosis cytology. 7-9 Although the features described herein are not entirely specific, they should both support the inclusion of oncocytosis in the preoperative differential diagnosis and allow oncocytosis to be favored over other salivary gland lesions with oncocytic features in the appropriate clinical and radiographic setting. First and most important, oncocytosis cases lack both general and specific features of malignancy. Although oncocytic cells can be observed in a wide range of salivary gland malignancies, including salivary duct carcinoma, acinic cell carcinoma, MASC, and mucoepidermoid carcinoma, the oncocytosis cases in the current series demonstrated minimal overlap with any of these diagnoses. Although a few oncocytosis cases demonstrated mild nuclear atypia and cystic changes, they did not demonstrate the cribriform to papillary architecture, marked nuclear pleomorphism, and necrotic background that generally is noted in salivary duct carcinoma, the archetypal malignant oncocytic neoplasm. [10] [11] [12] [13] [14] They also lacked the basophilic cytoplasmic granules, cytoplasmic vacuolation, and background naked nuclei characteristic of acinic cell carcinoma. [15] [16] [17] In addition, they did not demonstrate the true papillary architecture, abundant vacuolated cytoplasm, and secretory material observed in MASC. [18] [19] [20] Perhaps the most significant differential consideration is the oncocytic variant of mucoepidermoid carcinoma, with 2 cases in the current series originally classified as atypical because of the presence of squamous cells or a mucinous background. Nevertheless, the oncocytosis cases did not have the true mucin-containing cells and intermediate cells that are noted in the vast majority of mucoepidermoid carcinomas. 21, 22 Even beyond the features of specific malignant diagnoses, the oncocytosis cases also lacked mitotic figures, overt necrosis, and marked nuclear pleomorphism that could support their classification as malignant in general. Unfortunately, the differential diagnosis between oncocytosis and other benign oncocytic salivary lesions such as Warthin tumor, oncocytoma, and papillary oncocytic cystadenoma is less straightforward, although a few features can help favor oncocytosis. Even in FNA material, the oncocytic cells in Warthin tumor frequently demonstrate bilayered architecture, and they are accompanied by prominent lymphocytes with lymphoid tangles and a background of granular proteinaceous debris. [23] [24] [25] [26] Although all oncocytosis cases in the current series entirely lacked bilayered architecture, and only 1 demonstrated rare lymphocytes, 4 demonstrated cystic change with some granular background. Similarly, although oncocytomas also are, by definition, comprised of oncocytic cells, FNA specimens from these tumors generally are characterized by higher cellularity and a prominent population of single cells as well as tissue fragments. 26, 27 Only 2 FNA specimens in the current series of oncocytosis cases demonstrated moderate cellularity, with single cells found to be present in just 1 case. The cytologic features of papillary oncocytic cystadenoma have been described only rarely, but more complex papillary architecture and psammoma bodies have been noted [28] [29] [30] than were observed in any oncocytosis FNA specimen, although both can have a cystic background. Of course, a suboptimal specimen from any of these lesions could produce a specimen similar to these oncocytosis cases, thereby limiting the ability to make a definitive diagnosis within this differential. However, especially in the radiographic setting of multiple nodules, 31 these differences may allow a diagnosis of oncocytosis to be favored. It is important to note that morphology remains key to the diagnosis of oncocytosis because of a paucity of information regarding the molecular and immunohistochemical profile of this condition. Virtually all oncocytic neoplasms, regardless of categorization, demonstrate histochemical reactivity for phosphotungstic acid hematoxylin (PTAH), thereby limiting its utility as a discriminatory marker. 5 Furthermore, no articles to date have characterized immunohistochemical findings in oncocytosis, and there has only been one report demonstrating a lack of mitochondrial DNA alterations in patients with this condition. 32 A few groups have reported that oncocytomas demonstrate p63 positivity in a basal cell-type distribution 33 and lack SOX10 and DOG1 reactivity, 34 but it is unclear whether oncocytosis shares a similar phenotype. Presumably, ancillary testing could help favor a diagnosis of malignant salivary neoplasm if a specimen demonstrated an immunoprofile characteristic of a specific diagnosis (ie, diffuse androgen receptor expression in salivary duct carcinoma 35 or mammaglobin and S100 expression in
MASC 36
). Likewise, molecular testing that highlighted a MAML2 rearrangement could confirm a diagnosis of mucoepidermoid carcinoma, and ETV6-NTRK3 fusion would support a classification of MASC. However, the limited ancillary testing previously reported in oncocytosis limits the usefulness of any of these testing modalities within this differential diagnosis, solidifying the importance of morphologic findings.
Ultimately, the diagnosis of oncocytosis is limited by a persistent lack of consensus surrounding the classification of oncocytic lesions in general. For the purposes of the current series, we defined oncocytosis as multiple unencapsulated nodules of oncocytic cells with intervening normal salivary parenchyma, which is in contrast to the single encapsulated nodule characteristic of oncocytoma. However, some observers diagnose oncocytoma if there is a large or clinically detectable mass regardless of background. 4, 5, 37 Moreover, several cases of well-encapsulated oncocytoma have been reported to arise in the setting of oncocytosis, 5, 37, 38 and it has been proposed that the 2 conditions represent extremes of a single spectrum. 6, 32, 39 It may be difficult to differentiate between these lesions cytologically when there is no universal distinction between them histologically. Furthermore, the somewhat ill-defined specter of oncocytic carcinoma historically has limited the willingness to make a benign diagnosis in oncocytic lesions, no matter how bland. As oncocytic change has been appreciated in a wider range of salivary gland carcinomas, the category of malignant neoplasms defined solely by oncocytic morphology has grown smaller. 40 However, there are rare reports of oncocytic tumors that demonstrate invasive growth or metastatic dissemination with bland cytology, 5, 41, 42 and it has long been proposed that malignant oncocytic neoplasms may develop out of benign oncocytic changes. 43 At the time of original diagnosis, 2 FNA specimens in the current series were labeled as atypical solely due to the presence of oncocytic cells. A diagnosis of oncocytosis on FNA requires comfort in disregarding this elusive possibility.
Conclusions
A lack of information regarding the FNA findings in oncocytosis cases previously has limited the inclusion of this entity in the differential diagnosis of oncocytic salivary gland lesions. The results of the current study demonstrate that FNA in the majority of oncocytosis cases produces a paucicellular specimen comprised of small tissue fragments of oncocytic cells. Although these features show some overlap with other benign processes such as Warthin tumor and oncocytoma, they generally are distinct from oncocytic salivary malignancies, including salivary duct carcinoma, acinic cell carcinoma, mammary analog secretory carcinoma, and mucoepidermoid carcinoma. Even if the limitations of our understanding of oncocytic lesions preclude a definitive diagnosis of oncocytosis on FNA, the findings described in this study should inspire oncocytosis to be included, and sometimes even favored, in the differential diagnosis to allow for optimal preoperative planning.
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